asovagal reflex syncope (VVS) is a common cause of syncope that may be identified by tilt testing.
V
asovagal reflex syncope (VVS) is a common cause of syncope that may be identified by tilt testing. 1 Dual-chamber pacing has been found to reduce syncope recurrence in patients ≥40 years with cardioinhibitory type of VVS with asystole. 2, 3 In the SUP-2 (Syncope Unit Project 2), a selection algorithm, based on asystole during carotid sinus massage, tilt testing, or implantable loop recording, effectively selected patients that benefitted from pacing. 3 We hypothesized that differences in neuroendocrine profile exist between patients ≥40 years with cardioinhibitory and noncardioinhibitory syncope and, if found, would play a part in identifying patients who may benefit from pacing. We, thus, aimed to relate patient characteristics and resting plasma levels of 4 neuroendocrine biomarkers to different forms of VVS.
We included consecutive patients ≥40 years with unexplained syncope referred for head-up tilt testing (HUT). Patients with carotid sinus syndrome, orthostatic hypotension, or postural tachycardia syndrome were excluded. In total, 159 patients, 40 to 89 years, were included and provided supine blood samples followed by tilt according to the Italian protocol. 4 Patients were classified as negative HUT, noncardioinhibitory, nonasystolic cardioinhibitory, and asystolic VVS according to the VASIS (Vasovagal Syncope Investigators) classification. 5 We also included a random sample of 5416 middle-aged (69.4±6.2 years) subjects from the populationbased cohort the MPP (Malmö Preventive Project). Four circulating fragments of proneuropeptides were analyzed: CT-proAVP (C-terminal pro-arginine-vasopressin), CT-proET-1 (C-terminal endothelin-1), MR-proADM (mid-regional fragment of pro-adrenomedullin peptide), and MR-proANP (mid-regional fragment of proatrial natriuretic peptide). Patient characteristics and neuroendocrine biomarkers were then related to HUT outcome (detailed statistics in Methods in the Data Supplement).
Of the 159 patients, 110 had VVS (80 noncardioinhibitory, 11 nonasystolic cardioinhibitory, and 19 asystolic cardioinhibitory VVS) and 49 had negative HUT. Patients with asystolic VVS were younger (55±14 years) compared with negative HUT (67±14; P=0.002), noncardioinhibitory VVS (65±12; P=0.010), and subjects from MPP (69±6; P<0.001). Among the 159 patients, lower MR-proADM predicted asystolic VVS (age-and sex-adjusted odds ratio per 1 SD, 2.40; 95% CI, 1.22-4.71; P=0.011; Figure) . Also, lower CT-proET-1 (odds ratio per 1 SD, 1.66; 95% CI, 1.02-2.71; P=0.041) was associated with asystolic VVS. MR-proADM (P<0.001) and CTproET-1 (P=0.002) levels were lower among patients with asystolic VVS compared with subjects from MPP, whereas levels did not differ between negative HUT and MPP (P=0.67 and P=0.46, respectively). There were no associations between HUT outcome and levels of CT-proAVP or MR-proANP.
If age, levels of MR-proADM and CT-proET-1 were combined in a logistic regression model, patients aged <65 (median) with MR-proADM <0.46 pm/L and CTproET-1 <47.7 pm/L (first quartiles) had an odds ratio of 10.0 (n=21; 95% CI, 2.5-38.9; P=0.001) for asystolic VVS compared with older patients with higher levels of these markers (n=136; Table I Despite ISSUE-3 indicating that tilt-negative patients rather than tilt-positive patients, as analyzed here, do better, we think that our study is legitimate and encouraged by results of SUP-2, 3 showing that older tilt-positive patients can indeed gain benefit from pacing. It is, therefore, important to explore neuroendocrine differences between reflex types to improve our understanding of VVS and, possibly, expose a means of favorable influence on the reflex. The linear trend beginning with low plasma levels of adrenomedullin in asystolic vasovagal reflex through higher values in noncardioinhibitory reflex and highest levels in patients with negative tilt and subjects from the general population is intriguing (Figure) . Results were similar for endothelin-1. Whereas interpretation of these findings is speculative at this stage, we propose that low adrenomedullin may indicate lower habitual levels of endogenous vasodilators and shift in the vasovagal reflex favoring cardioinhibition, as the patient is capable of counteracting the hypotensive tendency longer. Analogically, low levels of endothelin-1 typically increased in orthostatic hypotension, might indicate a relatively good orthostatic tolerance and shift in reflex mechanism toward parasympathetic dominance.
We recognize several study limitations. Our findings are from a tertiary syncope center and may not apply to a wider patient population. Also, our metric requires validation. Our choice of VASIS classification, 5 while still of clinical use, may have adversely influenced how we subsequently analyzed the patients. However, VASIS 2B, asystole on tilt, has high positive prediction for recurrent asystole providing a possible consideration of pacing. 2, 3 The percentage of VASIS 2B among VVS varies with referral pattern, but is (as here) generally low. We measured neuropeptides only in supine position. At present, we have no information on repeatability of these measurements.
In conclusion, we show that patients with asystolic vasovagal syncope are younger and have lower supine levels of adrenomedullin and endothelin-1 compared with patients with other forms of vasovagal syncope, negative tilt, and subjects from the general population. We suggest that these markers, of which the latter are easily available through commercial test kits, may be included when evaluating syncope for selection of patients that may benefit from pacing therapy. 
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